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Abstract The historical context in which saccades are
made influences their latency and error rates, but less is
known about how context influences their spatial parame-
ters. We recently described a novel spatial bias for anti-
saccades, in which the endpoints of these responses deviate
towards alternative goal locations used in the same
experimental block, and showed that expectancy (prior
probability) is at least partly responsible for this ‘alternate-
goal bias’. In this report we asked whether trial history also
plays a role. Subjects performed antisaccades to a stimulus
randomly located on the horizontal meridian, on a 40
angle downwards from the horizontal meridian, or on a 40
upward angle, with all three locations equally probable on
any given trial. We found that the endpoints of antisac-
cades were significantly displaced towards the goal loca-
tion of not only the immediately preceding trial (n - 1) but
also the penultimate (n - 2) trial. Furthermore, this bias
was mainly present for antisaccades with a short latency of
\250 ms and was rapidly corrected by secondary sac-
cades. We conclude that the location of recent antisaccades
biases the spatial programming of upcoming antisaccades,
that this historical effect persists over many seconds, and
that it influences mainly rapidly generated eye movements.
Because corrective saccades eliminate the historical bias,
we suggest that the bias arises in processes generating the
response vector, rather than processes generating the per-
ceptual estimate of goal location.
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Introduction
Our current behaviour is influenced by what we were doing in
the past and by what we expect to do in the future. Saccadic
performance, for example, reflects not only the demands and
properties of the task and stimulus in the current trial, but also
the context in which they are executed. In particular, error
rates and reaction times of a given trial may be influenced by
properties of other trials performed the same experimental
block (Fecteau and Munoz 2003; Tatler and Hutton 2007).
These behavioural effects can have physiological correlates
such as altered pre-target baseline activity in monkey collic-
ular neurons (Dorris et al. 2000) and changes in human
frontal eye field activity on functional neuroimaging
(Manoach et al. 2007). The fact that performance on a given
task is changed by the context—that is the past and the
future—of a trial is important. First, the careful study of context
in eye movements may illuminate some of the complexities of
behaviour in real-life situations, in which stimuli and actions
are embedded in a continuous stream of experience, with rich
variability in the type of historical context and the degree of
predictability of upcoming events. Second, contextual influ-
ences may reveal new aspects about the physiology of modu-
latory mechanisms involved in eye movements, and how they
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might use history and prediction to optimize responses to
events. Finally, and pragmatically, experimental designs may
need to consider or control for potential confounds from context
that may obscure other results.
Not only the temporal dynamics of saccade generation
depend on context. In a recent study we demonstrated that
context can also affect the spatial programming of antisac-
cades. Antisaccades are eye movements that require a sub-
ject to look away from rather than towards a suddenly
appearing stimulus (Hallett 1978). Compared to prosac-
cades, antisaccades are associated with less spiking activity
in key ocular motor structures like the superior colliculus
and frontal eye field in monkeys (Everling et al. 1999;
Everling and Munoz 2000). If context also induces regions
of weak spiking activity in a spatial map in those areas, such
activity peaks might sum with saccade-related activity peaks
to result in a weighted-average vector with slightly altered
spatial coordinates, resulting in a deviation of saccade end-
point. As antisaccades have lower spiking activity peaks,
this weighted-average shifting of saccade endpoint might be
more evident for antisaccades than for prosaccades. Another
reason for greater susceptibility of antisaccades to spatial
biasing by context might be the larger cerebral network
involved in generating antisaccades than in prosaccades (see
Ettinger et al. 2008), which might create more opportunities
for interactions with other cognitive operations.
Our previous study demonstrated that, when a subject
performs antisaccades to one of two possible goal locations
within an experimental block, the spatial positions of an-
tisaccades directed to one goal location are deviated
towards the location of the other goal (Abegg et al. 2010),
an effect not seen with prosaccades. There are at least two
reasons why such a spatial bias could occur. First, since the
subject has recently been performing antisaccades to the
other goal location in the experiment, a historical bias
could arise. That is, a subject’s saccade to the goal on the
current trial might deviate slightly towards the other goal
because they had recently made saccades to the other goal
during preceding trials. Second, a spatial bias could arise
from expectancy, or prior probability. That is, the fact that
only two goal locations were used in an experimental block
meant that subjects entered each trial with the expectation
that the goal had a prior probability of 0.5 of occurring at
either of those two locations, and 0 at all other locations.
Targeting may then be directed at some combination of
activity generated by expectancy at these locations with
activity driven by appearance of the target.
Historical biases and expectancy biases can also be
generated independent of each other. In a second experiment
in our previous study (Abegg et al. 2010), we isolated the
effects of expectancy. Instead of two locations we used
three, one on, one above, and one below the horizontal
meridian. For the goal on the horizontal meridian, there was
no overall spatial bias from trial history when averaged over
the entire experimental block, since there were equal num-
bers of trials with goals above and with goals below the
meridian. To create an expectancy bias, we used cues on
each trial that indicated that the goal could occur at one of
two locations but not at the third. That is, they could occur
on the horizontal meridian or above the meridian (but not
below the meridian), or on the horizontal meridian or below
the meridian (but not above the meridian). We found that
these expectations alone were sufficient to bias horizontal
antisaccades towards the other potential goal location, and
away from the location that had a prior probability of zero.
The effects of expectancy alone in this second experiment
were weaker than the alternate-goal bias in the original
experiment, in which expectancy and historical effects may
have been present, suggesting that factors other than
expectancy may also contribute to the spatial biasing of
antisaccades. In the current study we explore the possibility
that trial history may be such a factor. The effect of trial
history is here defined and measured as the influence of
preceding trials on a current trial, even though these pre-
ceding trials do not affect the prior probability of an event in
the current trial. We hypothesized that contextual biases
could arise if spatial patterns of activity from recently exe-
cuted antisaccades persist from one trial into the next. The
potential for spatially specific effects to persist between
trials is supported by other studies showing that the direction
of a saccade in the previous trial affects the latency of
saccades in the next trial (Barton et al. 2006; Reuter et al.
2006), an effect associated with altered pre-target activity in
neurons in the superior colliculus in monkeys (Dorris et al.
2000). To determine whether trial history alone can generate
spatial biases as well as these previously described temporal
changes, we used an uncued version of the blocks in the
second experiment of our prior study (Abegg et al. 2010).
Without any cue, there is an equal prior probability on each
trial of a goal occurring above, on, or below the horizontal
meridian, so that saccades to the goal on the meridian cannot
be biased towards the upper or lower field on the basis of
expectancy in that trial. The effects of trial history were
examined by determining the effects of the goal in the trials
immediately preceding the current trial. If history alone can
generate a spatial bias, then we should find that antisaccades
are deviated towards the goal location of antisaccades in
recent trials.
Methods
Subjects
Ten subjects of mean age 22.4 years (range, 18–35) par-
ticipated, 2 males and 8 females. All subjects had normal or
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corrected-to-normal vision. The protocol was approved by
the institutional review boards of Vancouver General
Hospital and the University of British Columbia, and all
subjects gave informed consent in accordance with the
declaration of Helsinki.
Apparatus and procedure
Subjects were seated 57 cm away from a 2100 monitor with
dimensions of 1,024 pixels by 768 pixels. Head position
was stabilized by forehead and chin rests. Lighting con-
ditions in the room were kept constant across all subjects.
Stimuli were created and presented on the monitor using
SR Research Experiment Builder 1.1.2. Eye movements
were recorded using the Eyelink 1000 system (SR Research
Ltd., Mississauga, Canada). All subjects were calibrated
with a nine-point array.
Subjects were instructed to look as accurately as possi-
ble to the equidistant location 180 opposite to the direc-
tion of the stimulus. This study used antisaccades because
our prior experiments found an alternate-goal bias for an-
tisaccades only, not for prosaccades (Abegg et al. 2010).
Each trial began with a black fixation cross that was cen-
tred on a white background. After 1,250 ms, the fixation
cross disappeared and a stimulus appeared simultaneously.
The stimulus was always a solid black disc of about 18 in
diameter, located at an eccentricity of 9.5 of visual angle
from central fixation point. The stimulus remained on the
screen for 850 ms after the subject performed a saccade
[1.5 in amplitude. The stimulus was then replaced by the
display with the black fixation cross for the beginning of
the next trial. Subjects were instructed to keep their gaze on
the saccadic goal until the fixation cross reappeared at the
screen centre.
Within each block there were three stimulus angular
directions at equal distance from the screen centre, that is,
9.5. Angular directions were on (0), 40 above, or 40
below the horizontal meridian. We chose 40 as the angular
difference because our prior study showed, first, that the
spatial bias was still robust for this value and, second, that
there were few if any responses misdirected to one of the
other two goal locations with this degree of separation.
The experiment consisted of ten blocks of 93 trials each.
Within each block stimuli were confined to a single
hemifield, with five blocks for the right and five blocks for
the left hemifield. Both block order and the trial order
within each block were randomized.
Subjects were given both written and verbal instructions
at the beginning of the experiment, outlining all possible
stimuli and the appropriate antisaccade responses. Two
practice blocks of nine trials each (one block for each
hemifield) were performed before the ten experimental
blocks.
Analysis
Data were analysed with SR Research Data Viewer 1.7.5.
Saccades were detected when eye velocity exceeded
31/sec, acceleration exceeded 9,100/sec2, and position
changed by more than 1.5. The first eye movement after
stimulus onset that met these criteria was considered the
saccadic response. Saccade latency was calculated as the
time from target onset to saccadic onset. Saccades with
latencies \80 ms were considered anticipatory saccades,
and those with latencies more than 800 ms were considered
excessively delayed movements: both were excluded from
further analysis. We also excluded trials in which the first
saccade started from a point [2 from the central fixation
point, and those with reflexive prosaccade-like errors in
which the saccade vector was [90 away from the goal
vector. On the basis of these criteria, 22 % of all trials were
excluded (range, 7–39 %).
Analysis was limited to trials with goals on the hori-
zontal meridian, because only those trials had a bidirec-
tional history, that is, had preceding trials pointing either
up or down. The dependent variable was the vertical end-
point of the first saccadic response, which is simply the
vertical position at the end of the saccade: given that the
goal is on the horizontal meridian, this should not be sig-
nificantly different from zero if there is no bias. Data were
collapsed across the left and right hemifields and presented
in graphs as though all trials were directed into the right
hemifield. Values are reported as mean ± standard error of
the mean if not indicated otherwise. Other saccadic
parameters including amplitude, latency, and proportion of
directional errors are shown in Table 1.
Statistical analyses were performed in JMP 7.0 (www.
jmp.com). In our primary analysis we categorized hori-
zontal trials by the goal locations in the preceding trials. To
examine the effects of both the immediately preceding
(n - 1) trial and the penultimate (n - 2) trial, we included
only correct trials that had been preceded by two consec-
utive correct trials. Thus, 49 % of all possible trials were
included on the basis of error-free sequences of at least
three trials (range, 23–65 %). We subjected the means
obtained for each subject to an analysis of variance
(ANOVA) with main factors of prior goal location (up,
middle, and down) and historical position (n - 1, n - 2)
of the prior goal location, and subject as a random factor.
When significant effects were found, we used Tukey’s
honestly significant difference (HSD) test at an alpha level
of 0.05 to identify the responsible contrasts, which we then
quantified using linear contrasts. In addition, a priori
comparisons between prior goal locations for each histor-
ical position were examined using linear contrasts.
In our second analysis, we examined whether the his-
torical effect varied with the latency of the current
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antisaccade response. It may be that the increased pro-
cessing time available when responses have a longer
latency may afford more accurate computation of goal
coordinates: it has been shown, for example, that the effect
of distractors on both trajectory and saccadic endpoint is
greater on prosaccades with shorter latencies (Van der
Stigchel and Theeuwes 2005; Findlay and Blythe 2009). If
so, the magnitude of historical bias may also differ between
rapidly executed and more delayed antisaccades. To
examine a potential latency effect, we arbitrarily divided
antisaccades into a short- and a long-latency group, using
250 ms as the latency criterion. This criterion was selected
for two reasons. First, in experimental blocks with anti-
saccades alone, the mean response latency is around
250 ms—for example, Evdokimidis et al. (1996), Weber
et al. (1998), and Van Zoest et al. (2008): hence, using this
will give us reasonably equivalent numbers of short- and
long-latency antisaccades. Second, experiments using
multiple stimuli or simultaneous distractors show that
spatial biases are more evident in saccades with latencies
\250 ms (Van Zoest et al. 2004; Van der Stigchel and
Theeuwes 2005). Of the total of 1,820 trials included in our
n - 1 analysis, 579 were short-latency saccades and 1,241
were long-latency antisaccades. In the n - 2 data set with
a total of 1,528 trials, 493 were long-latency saccades and
1,035 were short-latency saccades. The proportion of short-
and long-latency antisaccades varied considerably between
subjects (the proportion of all antisaccades that were short-
latency was on average 70 % (range, 32–91 %).
We thus analysed the subject mean data using ANOVA
with historical position (n - 1, n - 2), prior goal location
(up, middle, and down), and current antisaccade latency
(short and long) as main factors, with subject as a random
effect, using Tukey’s HSD test with an alpha level of 0.05
to investigate the origins of significant results. For the latter
purpose we also performed two subset ANOVAs, one for
short-latency saccades alone and one for long-latency
saccades only, with historical position (n - 1, n - 2) and
prior goal location (up, middle, and down) as main factors,
with subject as a random effect.
In a third analysis, we examined whether spatial biases
were corrected spontaneously by secondary saccades made
by subjects. Many trials were characterized by a second
saccade made after a very brief interval that still landed in
the vicinity of the antisaccade goal, followed by a long
fixation, before returning to the fixation cross at screen
centre for the next trial. We asked whether the vertical
endpoints of the final fixation measured just before the
subject returned to screen centre also showed a persistent
spatial bias. If the biases persisted, it would mean that the
historical bias arose in structures and processes involved in
estimating goal position from perceptual data. If the position
of the final fixation did not show the spatial bias, it would
imply that the stimulus–response re-mapping procedure
involved in generating the antisaccade goal had possessed
veridical spatial perceptual information and that the bias
arose in structures creating the initial saccade vector towards
the goal. Therefore, we performed an identical analysis to
the first analysis of (n - 1) and (n - 2) effects, but this time
using the final fixation rather than antisaccade endpoint as
the dependent variable.
Results
Historical effect
The ANOVA showed a main effect of prior goal location
(F(2,45) = 17.29, p \ 0.0001). Tukey’s HSD test showed
a significant difference between prior goal locations in
the upper field and those on the horizontal meridian
(F(1,45) = 16.02, p \ 0.0002) or in the lower field
(F(1,45) = 32.86, p \ 0.0001). Although the effect of
prior goal location appears larger from the (n - 2) trial
than from the (n - 1) trial, there was no main effect of
historical position (n - 1, n - 2) nor any interaction
between prior goal location and historical position (Fig. 1,
Table 2). A priori linear contrasts showed a difference
between (n - 1) goal locations in the upper field and those
on the horizontal meridian (F(1,45) = 4.10, p \ 0.049)
and those in the lower field (F(1,45) = 6.45, p \ 0.015).
Similarly, there were differences between (n - 2) goal
locations in the upper field and those on the horizontal
meridian (F(1,45) = 13.22, p \ 0.0007) and those in the
lower field (F(1,45) = 30.99, p \ 0.0001).
Table 1 Mean amplitudes, saccadic latencies, and directional error rates, with standard error, for saccades preceded by trials with goals in either
the upper quadrant (U), the horizontal meridian (M), or the lower quadrant (L), in either the prior trial (n - 1) or the penultimate trial (n - 2)
(n - 1) L (n - 1) M (n - 1) U (n - 2) L (n - 2) M (n - 2) U
Amplitude () 7.74 ± 0.35 8.11 ± 0.36 7.75 ± 0.29 7.69 ± 0.37 7.97 ± 0.36 7.85 ± 0.29
Latency (ms) 234 ± 11 224 ± 13 227 ± 10 230 ± 11 223 ± 11 229 ± 11
Directional error (%) 21.4 ± 2.5 16.7 ± 3.2 20.4 ± 2.7 16 ± 2.8 15.3 ± 2.6 18.7 ± 2.6
Directional error is defined here as the number of saccades whose direction is more than 90 away from that of the goal location, divided by the
total number of saccades made
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Effect in short- versus long-latency antisaccades
In this analysis we asked whether the historical alternate-
goal bias found in our primary analysis differed between
short- and long-latency antisaccades. We found that this
was true for both (n - 1) and (n - 2) historical effects
(Fig. 2, Table 2). The ANOVA showed a main effect of
prior goal location (F(2,90) = 3.76, p \ 0.027) but no
main effect of latency or historical position. However,
there was an interaction between latency and prior goal
location (F(2,90) = 5.14, p \ 0.0076). Tukey’s HSD test
showed a difference between the upper and lower prior
goal locations for short-latency saccades (F(1,90) = 16.42,
p \ 0.0001) but not for long-latency saccades.
To investigate this further, we performed subset
ANOVAs for only short- or only long-latency antisaccades.
The subset ANOVA for only short-latency saccades
showed a main effect of prior goal location (F(2,45) =
19.02, p \ 0.0001). Tukey’s HSD test showed a difference
between trials with a prior goal location in the upper field
and those with a prior goal location either on the horizontal
meridian (F(1,45) = 13.87, p \ 0.0005) or in the lower
field (F(1,45) = 37.44, p \ 0.0001). There was no main
effect of historical position nor any interaction between
Fig. 1 Results for effects from the goal location in the immediately
preceding (n - 1) trial (left graph) and in the penultimate (n - 2)
trial (right graph). Data are for antisaccades from trials that had goals
located on the horizontal meridian. In each graph, the mean endpoints
of the first antisaccade response are shown as black squares. The
mean final fixations at the end of the trial, after secondary corrective
saccades, are shown as grey discs. ‘U’ indicates mean response from
trials preceded by a trial with a goal in the upper quadrant, ‘L’
indicates those preceded by a trial with a goal in the lower quadrant,
and ‘M’ indicates those preceded by a trial with a goal on the
horizontal meridian. Error bars indicate one standard error
Table 2 Vertical deviations
Positive values are upwards,
negative are downwards
SE standard error
Historical
position
Upper Horizontal Lower
Mean SE Mean SE Mean SE
Analysis 1: vertical antisaccade endpoint
n – 1 0.61 0.33 0.24 0.35 0.14 0.22
n – 2 0.93 0.36 0.24 0.26 -0.13 0.32
Analysis 2: endpoint for short- versus long-latency antisaccades
Short latency \250 ms
n – 1 0.82 0.37 0.31 0.41 0.10 0.26
n – 2 1.05 0.40 0.31 0.29 -0.27 0.37
Long latency [250 ms
n – 1 0.00 0.23 0.46 0.37 0.27 0.11
n – 2 0.34 0.23 0.33 0.33 0.25 0.17
Analysis 3: final fixation
n - 1 0.13 0.14 0.08 0.12 0.07 0.10
n - 2 0.29 0.15 0.14 0.14 -0.07 0.12
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prior goal location and historical position. The subset
ANOVA for long-latency saccades alone found no main
effect of either prior goal location or historical position, nor
any interaction between the two. Hence, the historical
effect of prior goal location is seen only in short-latency
antisaccades.
Final fixation
In this third analysis we asked whether the historical
alternate-goal bias was still present in the position of the
final fixation, often arrived at after secondary corrective
saccades made by the subjects (Fig. 1, Table 2). The
ANOVA showed a main effect for prior goal location
(F(2,45) = 10.76, p \ 0.0002). While there was no main
effect of historical position, there was a trend to an inter-
action between prior goal location and historical position
(F(2,45) = 3.15, p = 0.053). Tukey’s HSD test showed
that the only significant contrast was between (n - 2)
upper and lower prior goal locations (F(1,45) = 25.09,
p \ 0.0001). Of note (n - 1), goal locations had no effect
on the position of the final fixation.
These data show that after corrective saccades, no
significant bias remains from the prior goal location in the
(n - 1) trial, but there is still an effect from the (n - 2)
trial, though this appears smaller than the effect on anti-
saccade endpoint. To confirm that the effect of the prior
goal location was reduced for final fixation compared to
the antisaccade endpoint, we computed for each subject
an index of historical bias, by subtracting the mean
position following a trial with a goal in the lower quadrant
from the mean position following a trial with goal in the
upper quadrant. This was done for both antisaccade end-
point and final fixation (Fig. 3). We then compared the
two for both the (n - 1) and the (n - 2) effect. The
results showed significantly less historical bias for
final fixation than for antisaccade endpoint, for both the
(n - 1) (t(9) = 2.31, p \ 0.047) and the (n - 2) histori-
cal positions (t(9) = 3.04, p \ 0.015). While the endpoint
of the initial saccade showed both considerable variability
and bias towards the preceding goal locations, the final
fixation endpoint shows less bias and less variability
(Fig. 3).
Discussion
While prior studies have shown how the context of other
trials influences the latency and error rate of saccadic
performance (Fecteau and Munoz 2003; Tatler and Hutton
2007), our results demonstrate that trial history influences
not just when the upcoming trial is executed but also the
spatial properties of the eye movement that is performed.
We show that under experimental conditions where prior
probability effects are balanced to minimize the effects of
expectancy, there remains a significant bias of antisaccades
to land slightly biased towards the goal of recently per-
formed antisaccades. These historical effects are persistent,
since they can be detected from not just the preceding trial
but also the penultimate trial: hence, they persist over at
Fig. 2 Secondary analysis comparing short-latency (\250 ms) and
long-latency ([250 ms) antisaccades, for the effect of goal location in
the immediately preceding (n - 1) trial (left graph) and in the
penultimate (n - 2) trial (right graph). Data are for antisaccades from
trials that had goals located on the horizontal meridian. In each graph,
the mean endpoints of short-latency antisaccades are shown as black
squares, and those of long-latency antisaccades are shown as grey
discs. ‘U’ indicates mean response from trials preceded by a trial with
a goal in the upper quadrant, ‘L’ indicates those preceded by a trial
with a goal in the lower quadrant, and ‘M’ indicates those preceded
by a trial with a goal on the horizontal meridian. Error bars indicate
one standard error
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least several seconds. This historical effect complements
our prior demonstration that expectancy can generate
similar biases independent of effects based on trial history.
Together, these two studies thus show that the phenomenon
of alternate-goal bias has two components, one from the
past (historical bias) and one concerning the immediate
future (expectancy).
This alternate-goal bias has some similarities to the
‘range effect’ shown for prosaccade amplitude. In the best
demonstration, prosaccades to targets of around 7–11
eccentricity were hypometric if trials were in a block with
other less eccentric targets, and hypermetric if the block
had more eccentric targets (Kapoula 1985). This estab-
lished that computation of saccadic amplitude is a dynamic
product that can be modulated by other factors. As was the
case with the first experiment of our original demonstration
of alternate-goal bias (Abegg et al. 2010), the range effect
potentially incorporates both expectancy and historical
effects (He and Kowler 1989).
A second phenomenon of relevance to alternate-goal
bias is the well-known global effect (Findlay 1982). In the
global effect distractors are presented simultaneously with
a stimulus for prosaccades. If presented within a range of
angles (±20), a distractor affects saccadic amplitude even
when the subject is told to ignore it, whereas a distractor
outside this range slows saccadic latency (Walker et al.
1997; Findlay and Blythe 2009). The global effect biases
prosaccades towards the distractor, just as our historical
effect biases antisaccades towards the previous goal. The
difference between the two, though, is that the global effect
is generated by a simultaneous distractor on the current
trial, while the historical effect is generated by the target
and goal in preceding trials.
It has been proposed that the global effect reflects
averaging of activity peaks from two different spatiotopic
locations, one at the location of the stimulus and one at the
location of the distractor (Van Opstal and Van Gisbergen
1990). Activity patterns consistent with this explanation
have been found in monkey superior colliculus (Glimcher
and Sparks 1993; Edelman and Keller 1998). In the case of
the historical bias we demonstrate in this report, it may be
that peaks of activity in prior trials have some temporal
persistence and remain weakly evident in subsequent trials.
Hence, we speculate that a historical bias may represent a
weighted averaging of current and prior trial activity in
some retinotopic map coding for saccade direction.
Whether this averaging would occur in the superior col-
liculus or in some other ocular motor structure remains to
be determined.
Our secondary analyses show findings that also provide
two interesting behavioural parallels between the historical
bias and the effects of simultaneous distractors. First, just
as the global effect and distractor effects on trajectory are
more pronounced for short-latency prosaccades (Van der
Stigchel and Theeuwes 2005; Findlay and Blythe 2009),
the historical bias we found in this report is more pro-
nounced for antisaccades with latencies of \250 ms. Sec-
ond, secondary saccades after the initial antisaccade tended
to reduce alternate-goal bias in the final fixation position
before termination of the trial. Again, similar reductions in
spatial deviation have been shown for corrective secondary
saccades in the global effect (Eggert et al. 2002).
One possible interpretation of these latter two results is
that the activity persisting at the goal location from the
prior trial rapidly decays after the appearance of the new
goal location of the current trial. Indeed, in the case of
Fig. 3 Within-subject display of the reduction in the historical
alternate-goal bias from the endpoint of the first antisaccade response
to the final fixation after corrective saccades. The index is the mean
for position data from antisaccades preceded by trials with goals in
the upper hemifield, minus the mean from trials with goals in the
lower hemifield, calculated for each subject. Data for the effect of
goal location in the immediately preceding (n - 1) trial are shown in
the left graph, and for goal location in the penultimate (n - 2) trial in
the right graph. Discs show group means, with error bars indicated
one standard error
Exp Brain Res (2012) 222:175–183 181
123
simultaneous distractors, rapid decay of exogenous, stim-
ulus-related influences has been advanced as the explana-
tion for the greater impact of saliency and distractors on
prosaccades with shorter latencies (Van Zoest et al. 2004).
Models have accounted for the larger effect of distractors
on short-latency saccades by suggesting that activity at the
saccadic goal location generates lateral inhibition that
quickly builds up, suppressing other locations, and thus
causing a rapid decay in activity generated by distractors at
other locations (Trappenberg et al. 2001). The result is a
greater influence of exogenous stimulus-driven activity in
short-latency responses and a greater influence of endog-
enous goal-driven activity in long-latency responses (Van
Zoest et al. 2004). In our historical bias, the impact of the
location of the prior trial might be viewed as a persistent
influence from preceding activity, likewise extraneous to
current goal-driven activity, which is therefore also maxi-
mal in short-latency antisaccades.
However, this explanation is not entirely consistent with
the fact that we can still find an effect from the (n - 2)
trial, which shows that alternate-goal bias persists for
several seconds at least. Rather, these findings suggest that
during the additional processing time available with a long-
latency antisaccade, or in the interval between the first
response and secondary corrective saccades, further goal-
driven computations related to goal location are able to
counteract the bias originating from prior goals, though
they do not eliminate it from the system. That is, the
influence of the prior goal location is persistent and does
not rapidly decline; rather, within a trial it is the goal-
driven influence that grows so that it dominates over the
historical context effect in long-latency responses.
Furthermore, the other implication of the reduction in the
historical alternate-goal bias by secondary corrective
saccades is that the ocular motor system retains accurate
perceptual estimates of the true goal location: hence, the
bias must originate in structures downstream of those areas
generating these perceptual computations.
Finally, it must be stressed that, while the above infer-
ences point to current goal programming rather than cur-
rent stimulus processing as the site at which the bias is
operating, our experiments do not clarify what property of
the prior trial generates the bias, whether it is the saccadic
response or its stimulus-related activity. Further studies
dissociating saccadic and stimulus properties of the prior
trials would be useful in addressing this point.
In summary, our work shows specifically that trial his-
tory alone can influence saccadic endpoints. Antisaccades
were biased towards the goal locations of immediately
preceding antisaccades, a type of ‘immediate plasticity’
(Dorris et al. 2000) that persisted over several seconds,
from at least two trials before. This demonstrates the
flexibility of saccadic behaviour and shows how our current
responses to the environment can be shaped by the
contingency of recent experience.
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